An Arabidopsis blue-light receptor, Cry2, has been found to play a critical role in the photoperiodic control of flowering time; and genes have been identified that may control the production of a transmissible flowerinducing signal, which may turn out to be the longelusive putative flowering hormone 'florigen'.
In flowering plants, post-embryonic development can be divided into two major phases: vegetative and reproductive. During vegetative development, the plant grows in size by producing leaves and roots. These vegetative organs are important for the generation of organic materials that are provided to the entire plant, and are critical for later successful reproduction. The initiation of leaf development is orchestrated at the apex of the plant, where the shoot apical meristem resides ( Figure 1 ). The shoot apical meristem is composed of undifferentiated progenitor cells that proliferate both to maintain shoot apical meristem and to give rise to new organs.
As a developmental stage, flowering can be defined as the transition from vegetative to reproductive development. This transition is manifested as a change in properties of the shoot apical meristem, which stops producing leaves and instead starts producing the floral meristems that give rise to flowers (Figure 1 ). Both developmental cues and environmental signals control the timing of flowering. One important signal that regulates flowering time is light, in the form of photoperiod -the lengths of alternating day and night (reviewed in [1] ). For example, long days promote flowering in many plants, making spring the favorite season for blossoming; these are consequently known as 'long-day' plants. Other plants flower during the short days of the fall: if the length of night is longer than a genetically-determined 'critical night length', these 'shortday' plants will flower; long-day plants follow the opposite pattern. Still other plants flower when they reach the appropriate developmental stage, regardless of day length; these are known as day-neutral plants.
Early on it was shown, for example by grafting parts between plants, that the light signal is perceived in the leaves, yet flowering require changes in the shoot apical meristem. It was thus proposed that a substance, dubbed florigen, is produced in the leaves and transmitted to the shoot apical meristem, where it triggers flowering [2] . The florigen hypothesis is very attractive, but the chemical nature of florigen has remained obscure for many years. Several recent studies have shed new light on the regulation of flowering time, and in doing so have provided strong support for the florigen hypothesis. These studies may have uncovered essential components of a pathway from photoreceptors to florigen to flowering.
It has long been recognized that the plant pigment phytochrome, which exists in two distinct light-absorbing forms that detect either red or far-red light, plays a critical part in the perception of the day/night photoperiod [1] . Different phytochrome isoforms seem to have different roles, however. For example, genetic studies have indicated that the light-labile phytochrome A (PhyA) promotes flowering under long days in pea and Arabidopsis [3, 4] , whereas the light-stable phytochrome B (PhyB), and perhaps other isofoms, inhibit flowering [4] . Plants also respond to blue light, through receptors called cryptochromes, so named for their elusive molecular nature. In recent years, two Arabidopsis genes, CRY1 and CRY2, have been identified that encode related cryptochrome proteins [5, 6] . Earlier this year, Guo et al. [7] reported that CRY2 is directly involved in the regulation of flowering ( Figure 2 ).
Arabidopsis is a facultative long-day plant; it flowers earlier under long days than short days. Genetic studies in Arabidopsis have shown that several genes, including CONSTANS (CO) and FHA, control flowering only under Reproductive phase long days; mutations in these genes delay flowering under long days, but have little or no effect under short days [4] . There is thus a specific pathway for the induction of flowering under long-day conditions. Guo et al. [7] showed that the blue-light receptor Cry2 is required for the longday-specific flowering pathway, and that it is encoded by the FHA gene. The implications are that Cry2 mediates photoperiod perception by Arabidopsis, and that blue light is important for this perception.
How does Cry2 regulate flowering? Analysis of cry2 and phyB mutant plants under different light regimes suggests that Cry2 negatively regulates the inhibition of flowering by PhyB. It is known that the CO gene is required for the long-day acceleration of Arabidopsis flowering, and that its expression is regulated by the photoperiod [8] . Because Cry2 is an important mediator of photoperiodic regulation of flowering, it is natural to ask whether it has any effect on CO expression. Indeed, Guo et al. [7] found that CO expression is reduced in cry2 mutant plants under long days, and increased in transgenic plants overexpressing CRY2 [7] . Co thus seems to act downstream of Cry2.
Regulation of flowering by photoperiod also requires the normal function of a circadian clock, the phase of which is set by the day/night light environment [1, 9] . Two recent studies, one by Wang and Tobin [10] and the other by Schaffer et al. [11] , have identified likely components of the Arabidopsis circadian clock. These authors report that the CIRCADIAN CLOCK ASSOCIATED 1 (CCA1) and LATE ELONGATED HYPOCOTYL (LHY) genes, which encode related Myb domain proteins, show rhythmic expression with a circadian periodicity, and that this rhythmicity is eliminated in plants constitutively expressing CCA1 or LHY, or in lhy mutants.
These properties of periodic expression and feedback control are characteristic of circadian clock components. Furthermore, lhy mutant and CCA1-constitutive plants exhibit defective circadian rhythms, further supporting roles for the CCA1 and LHY gene products in the Arabidopsis circadian clock. Both types of genetically perturbed plant show delayed flowering, indicating that a normal circadian clock is required for the transition to flowering. Furthermore, the fact that CO expression is regulated by photoperiod [8] suggests that this gene, which is on the long-day-specific flowering pathway, is downstream of the circadian clock (Figure 2 ).
CO encodes a zinc-finger protein [8] and in transgenic plants has been shown to activate expression of LEAFY (LFY) and APETALA1 (AP1) [12] , two genes that directly control the initiation of flowering [13, 14] . CO is known to be expressed in leaves [8] , making it a candidate for a gene controlling the production of florigen. CO is also expressed at the apex, however, allowing other possible mechanisms for its action. At this year's Arabidopsis conference in Madison, Wisconsin (24-28 June), M. Pineiro (John Innes Centre, Norwich) reported that CO expression in leaves, but not at the apex, can apparently promote early flowering [15] . Because LFY and AP1 are initially expressed at the apex and in newly formed floral primordia, respectively [13, 14] , it is a plausible hypothesis that CO controls the synthesis in the leaves of a signal -florigen -that is transmitted to the apex, where it activates floral gene expression.
A role of CO in the production of the florigen is still very tentative, but strong support for the maize gene indeterminate (id1) having such a role has recently come to light [16] . Maize plants are generally day neutral, and flower after reaching the proper developmental stage, as indicated by the production of a fixed number of leaves. The id1 mutant, in contrast, produces an increased number of leaves and exhibits delayed flowering [17] . Colasanti et al. [16] have recently reported the cloning of the id1 gene by transposon tagging. The id1 gene turns Dispatch R691
Figure 2
Models for the regulation of floral induction in Arabidopsis and maize. In each case, the processes shown in the larger box are thought to occur in the leaves, and those in the smaller box are thought to occur at the shoot apical meristem. In Arabidopsis, the postulated interaction between the photoreceptors (Cry2 and phytochrome) and circadian clock genes such as CCA1 and LHY has not been demonstrated. Similarly, regulation of CO expression by Cca1 and Lhy remains to be tested. Neither the chemical nature of the florigen nor the mechanism of its transport from leaves to the shoot apical meristem are known.
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Floral transition out to encode a zinc-finger protein that is of a different type from that of CO. The gene is expressed in young maize leaves, but not at the apex. Because floral induction occurs at the apex, whereas id1 is expressed in leaves where light signal is perceived, id1 is an excellent candidate for being a gene that controls florigen synthesis, activity or export to the apex (Figure 2 ).
In leaves
Searching for additional evidence that id1 acts remotely on the apex, Colasanti et al. [16] analyzed plants that were homozygous for the Ds2 insertional allele of id1, but in which transposition was active so that wild-type id1 alleles would be generated within somatic lineages at some detectable frequency. They found that the plants exhibiting transpositions flowered earlier than the id1 mutant but later than the wild type; furthermore, the rate of transposition roughly correlated with the degree of flowering acceleration as compared with the id1 mutant. The fact that the plants as a whole exhibited this intermediate phenotype -rather than being phenotypic chimeras, with some normal and some mutant sectors -indicates that id1 function is not cell autonomous, and that the gene may regulate shoot apical meristem activity from afar.
What might regulate id1? At first glance, id1 may not appear to be involved in the photoperiodic regulation of flowering, because maize is a day-neutral plant. The machinery to detect the photoperiod may, however, be present in species or strains that are day neutral. Furthermore, the id1 mutant has been found to flower earlier under short days than under long days [18] . This suggests that maize may have two pathways controlling flowering: one for long days, and the other for short days. In Arabidopsis, in addition to the long-day-dependent pathway requiring CO and FHA, there is also a constitutive pathway operating under both long and short days [4] . It is possible that id1 is required for the proposed long-day pathway, and not for the short-day pathway. Whether photoreceptors such as phytochromes and cryptochromes, as well as the circadian clock, regulate the function of id1 awaits further experiments.
Although the recent work on id1 and CO has stimulated renewed interest in the florigen hypothesis, the chemical nature of florigen remains a mystery. Early speculations focused on a single hormone-like molecule, but more recent proposals also allowed the possibility of several components [2] . It is possible that id1 and CO are positive regulators of the synthesis of such molecule(s). Florigen is thought to move through the phloem, the system of vascular cells responsible for bidirectional transport of solutes and hormones in the plant, which recent evidence suggests may allow the passage of RNA molecules [19] . As noted by Colasanti et al. [16] , id1 mRNA or protein might be transported from leaves to the shoot apical meristem. On the other hand, this does not seem to be the case for CO, because CO expression under the control of a meristem-specific promoter does not rescue the flowering defect of a co mutant [15] .
These studies have identified important players in the regulation of the flowering transition, and have begun to provide evidence for interaction of some of the components of a regulatory pathway or, more likely, network. Further studies will likely produce new insights into this exciting area, including the identification of the elusive florigen.
